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PHYSICS.—A method for measuring Earth resistivity. - FRANK 
WENNER, Bureau of Standards. 


A knowledge of earth resistivity may be of value in determin- 
ing something of its composition, such for example as moisture 
content, whether or not it contains oil or ore of high conductivity, 
etc., or in the calculation of damages to pipe systems by the 
return current of street railway systems. For some of these 
or other reasons we may wish to determine the resistivity of 
limited portions of the earth. 

For those cases in which we desire the resistivity of a fairly 
large portion of earth, extending to a considerable depth, or where 
there are reasons why the measurement should be made without 
disturbing the portion to be measured, the following method is 
suggested. 

Four holes are made in the earth approximately uniformly 
spaced in a straight line. The diameter of the holes is not 
more than 10 per cent of the distance between them and all 
extend to approximately the same depth, which is usually that 
at which we are most concerned with the resistivity. In each 
hole is placed an electrode which makes electrical contact with 
the earth only near the bottom. Two of these electrodes serve 
as current terminals and two as potential terminals in the meas- 
urement of the resistance. 

Knowing the resistance, the depth of the holes and the dis- 
tance between them we have data from which the effective 
resistivity in the vicinity can be calculated. 
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In case a is the distance between the holes, b is the depth of 
the holes, p is the resistivity, and R the measured resistance, then 


4raR = 4raR 





p= 


(1) 


1+ 2a _ 2a n 
Va+4b? vW/4a? + 40’ 


where n varies between 1 and 2 according to the ratio of the 
depth of the electrodes to their distance apart. If the holes are 
not in a straight line or are not of a uniform depth or spacing 
the resistivity is easily calculated from the depth of each of the 
holes and the distance of each from each of the other three. 

Concerning the resistance measurements there is in general 
no need for a high accuracy. There is therefore no reason why 
we may not use an ammeter for measuring the current and a 
voltmeter for measuring the resulting difference in potential 
between the potential terminals, providing no current is drawn 
from these terminals. As the voltage to be measured is low and 
the resistance between electrodes and earth high, errors would be 
introduced if the ammeter-voltmeter method were used in the 
ordinary way. 

The following potentiometer arrangement, using alternating 
current to obviate the more serious difficulties which might arise 
on account of polarization with direct current, seems to answer 
the purpose fairly well. The current terminals or electrodes are 
connected to a source of alternating voltage of suitable value, 
and across the line is connected a step-down transformer, the 
low voltage side of which is connected to the ends of a slide wire. 
One of the potential terminals is connected to one end of the slide 
wire and the other through a vibration galvanometer to the adjust- 
able contact on the slide wire. An ammeter is connected into 
a lead to one of the current terminals and a voltometer across 
the ends of the slide wire. On account of the polarization at 
the current electrodes a variable inductance is connected into 
one end of the leads, for the purpose of bringing the test current 
in phase with the voltage of the low side of the transformer. 
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If then adjustments are made so that no current flows through 
the galvanometer, the position of the sliding contact, the value 
of the test current, and the voltage across the slide wire are read, 
we have data from which the resistance R is readily calculated. 

From the measured resistance, and the depth and distance 
between electrodes a value may be obtained for the effective 
resistivity as explained above. The value depends mainly 
upon the resistivity in the neighborhood of and between the 
potential electrodes and very little upon the resistivity at dis- 
tances from either of these electrodes equal to half the distance 
between the current electrodes. 

So far the method has been used only for determining resis- 
tivities in a region very close to the surface, a few meters or less 
in radius. To measure the effective resistance of a much larger 
portion of earth extending to a considerable depth, the elec- 
trodes would be placed much farther apart. Such a measure- 
ment might be of assistance in locating deposits of ore of high 
conductivity. 


CHEMISTRY.—The dissociation of calcium carbonate below 
500° C. R. B. Sosman, J.C. Hostetter, and H. E. Mer- 
win, Geophysical Laboratory. 

In connection with investigations in progress in this Labora- 
tory it appeared possible to apply a vacuum furnace, developed 
by the authors for the measurement of low dissociation pressures 
of oxides,' to the measurement of the carbon dioxide pressures 
of calcite and aragonite. If aragonite is a metastable form at 
all temperatures, its dissociation pressure should be measurably 
higher than that of calcite at temperatures below that at which 
aragonite is rapidly transformed into calcite. 

This transformation takes place in a few minutes in air at 470°, 
although in contact with solutions it will go on as low as 350°, 
according to results obtained by Williamson in this Laboratory. 
The problem was therefore to measure the dissociation pressures 
at several temperatures below 470°. 


1 This Journal, 6: 277-285. 1915. 
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The downward extrapolation of Johnston’s curve,? obtained 
from measurements between the temperatures 587° and 894° 
and the pressures 1 mm. and 716 mm., indicates the follow- 
ing carbon dioxide pressures at lower temperatures: 450°, 0.017 
mm. mercury; 400°, 0.0020 mm. A “blank” run in the fur- 
nace up to 400° showed that the expected pressure from calcite 
at 400° could be measured definitely and without ambiguity; 
the equilibrium pressure decreases so rapidly with temperature, 
however, that at 350°, or even 375°, it would be obscured by the 
evolution of gases from the walls of the furnace and the glass 
connections, if measurements were necessary over a period of an 
hour or more. 

Measurements were accordingly begun at 425° on aragonite. 
The material used consisted of clear crystals (U. S. National 
Museum No. 17692) ground to pass 65 mesh. 350 mg. of this 
powder was mixed with 150 mg. CaO made by heating the ara- 
gonite powder in platinum over a Meker burner. The measure- 
ments at 425° lasted 90 minutes. When cold, the aragonite was 
found to have been completely converted into calcite. 

At 400°, on the other hand, 68 minutes heating converted 
none of the mixture into calcite. The few calcite grains visible 
were not more numerous than the calcite grains in the original 
aragonite. It is evident, therefore, that 400° is practically the 
only temperature at which calcite and aragonite can be com- 
pared as regards their dissociation pressures. 

Measurements were therefore made on aragonite and calcite 
at 400°. Two varieties of calcite were used: (1) clear crystals 
of Iceland spar (Kahlbaum, 1913);? (2) artificial precipitated 
CaCO; (J. T. Baker, lot No. 8212).4 The latter is in small 
well-formed rhombs, each with an inclusion at its center. Mix- 
tures were made containing 350 mg. calcite, and 150 mg. CaO 
made from the calcite by ignition. Experiments were also made 
on the combination of CaO with COs. 


2 Jour. Am. Chem. Soc., 32: 938-946. 1910. 

3 Containing 0.098 per cent MgCO; (Hostetter, J. Ind. and Eng. Chem., 6:392. 
1914). 

‘ Containing 0.081 per cent MgCOs. 
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The result of the dissociation pressure measurements, so far 
as their original purpose is concerned, was disappointing. The 
cause lies probably in the slow rate of dissociation of the dry ma- 
terials at 400°. A number of interesting facts were obtained, 
however, which have been thought worth present publication, 
as we have had to discontinue the work for the present. 

Forms of lime. CaO is obtainable in two distinct physical 
states. That made by heating Iceland spar at 700° in the 
vacuum furnace, and pumping out the last traces of COs, is very 
fine grained and porous, with a faint double-refraction. The 
refractive index seems to be quite variable, but on account of 
the porosity of the material accurate measurements of the 
index could not be made. The oxide is very reactive, absorbing 
water from the air even .when confined in a desiccator in the 
presence of calcium chloride. After being reheated to 1200°, 
the index rose, and gave values varying from 1.725 to 1.77; the 
oxide was then much more stable in air, and did not take up 
moisture while the microscopic examination was being made, 
as did the first sample. As in the first case, however, the porosity 
interferes with accurate measurement. Again reheated, to 1400°, 
the oxide showed a prevailing refractive index of 1.81, with some 
grains as low as 1.79. It still showed double-refraction. 

On account of its fineness, it is impossible to say conclusively 
whether this variety is crystalline or amorphous. The double- 
refraction may be the result simply of strains within an amorphous 
solid. 

The reactivity of this porous lime was shown by another ex- 
periment. 452.5 mg. of 200 mesh Kahlbaum calcite was heated 
and evacuated at 750° in the vacuum furnace, in presence of 
P.O;, for about 30 minutes. When it had cooled to 110°, 15 
mg. dry CO, was admitted. (The gas had been drawn from a 
cylinder of liquid CO», passed over hot copper and copper oxide, 
dried over P,O; and stored over mercury.) The reaction began 
immediately with a rise of temperature; as the charge cooled 
to room temperature the absorption still continued, but at a 
decreasing rate. Even at room temperature the absorption 
continued slowly, 0.48 mg. being taken up in 213 hours. About 
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4 mg. remained unabsorbed. Practically all of this was absorbed 
on reheating to 460°, the small residue being probably nitrogen. 
An interesting feature of this reheating was the increase of pres- 
sure observed between 400° and 460°, in which interval the pres- 
sure nearly doubled, although already at least 10 times the cal- 
culated ‘dissociation pressure of CaCO; at these temperatures. 
On continued heating the pressure again continued to fall. The 
phenomenon suggests a condensation or absorption of the gas 
in the porous solid before true chemical union occurs. 

A second variety of lime is obtained by carefully dehydrating 
calcium nitrate, melting it, and gradually raising the temperature 
until all nitric oxide is driven off.’ The résulting crystals are 
isotropic cubes and octahedra, of refractive index 1.83. They 
are identical with the CaO found in the lime-alumina-silica melts 
of Rankin and Wright.’ The porous lime obtained from cal- 
cium carbonate seems to gradually go over to the cubical form 
on heating; calcite heated in platinum over the blast lamp for 
1 hour gave cubic lime of index 1.83, and impure commercial 
building-lime also had the same properties. 

Some lime which had been fused in a graphite vacuum furnace 
in 1913 by C. W. Kanolt of the Bureau of Standards was also 
examined. The greater part of it consisted of rounded grains 
of isometric lime of index 1.83, being similar to the rounded lime 
grains formed in silicate melts. 

The much lower reactivity of the cubical crystalline lime is 
shown by the following experiment: 501 mg. of 100-mesh crystal- 
line CaO from calcium nitrate was heated in the vacuum furnace 
with quantities of from 5.0 to 12.5 mg, CO:, and at temperatures 
between 400° and 600°. The pressures were from 1.65 to 4.10 
mm. Although the dissociation pressure at 600° is only 2.35 
mm. according to Johnston, the total amount of CO, absorbed 
in all these heatings was not over 0.86 mg. The porous lime 
referred to above, on the other hand, absorbed 11 mg. in a few 
minutes at 110° and lower. 


5 By special precautions clear crystals of CaO up to 10 mm. in length can be 
obtained by this method. Briigelmann, Zs. anorg. Chem., 10: 415-433. 1895; 
59: 248-270. 1908. 

* Am. Jour. Sci., 39: 1-79. 1915. 
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Transition point in CaO. Lastchenko’ has shown by specific 
heat measurements that a transition point probably exists in 
crystalline lime at about 400-415°, having a heat effect of 280 
calories per molecular weight, or 5 calories per gram. This heat 
effect is just about on the border of recognizability by a direct 
time-temperature heating curve. Nevertheless we tried heating 
curves on a sample of the crystalline lime from calcium nitrate, 
using the vacuum furnace in order to avoid any heat effect 
due to hydration or carbonation. At 11° per minute no break 
was detected. At 5° per minute there was a distinct absorption 
of heat at about 425-430°, but the corresponding evolution was 
not distinguishable on the cooling curve. From the forms of the 
crystals obtained from melts at higher temperatures it is evi- 
dent that both the high- and low-temperature forms must be 
cubic; the transformation is probably a crystallographic change 
similar to the inversion of quartz at 575°. 

Dissociation pressures of calcite and aragonite. Although not 
sufficiently definite to decide the question as to which is the more 
stable form, the CO, pressures measured were not without cer- 
tain regularities. All of the pressures measured at 400° lie 
between the limits 0.0019 mm. and 0.0168 mm.* The greater 
part lie between 0.0030 and 0.0090 mm. The dissociation pres- 
sure of calcite at 400° calculated from Johnston’s curve is 0.0020 
mm.; the pressures found are of this order of magnitude, which 
is all that might reasonably be expected of an extrapolation to 
a pressure only about y/55 of the lowest accurately measured 
pressure on the curve referred to. 

Both calcite and aragonite, when heated alone at 400°, were 
found to dissociate so slowly that it seemed hopeless to wait 
for the pressure to reach an equilibrium, since the vacuum fur- 
nace could be operated only during the working hours of the day. 
Even at 600° calcite dissociated quite slowly. The addition of 
5 per cent Fe,O,; to calcite did not seem to affect its dissociation 



































7J. Russ. Phys.-Chem. Soc., 42: 1604-1614. 1911. Bull. Inst. Polyt. Don. 
1913, II, 9-46. 

8 The relatively high pressure of 0.0168 mm. was obtained from the inclusion- 
bearing artificial calcite. 
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rate appreciably. At 400° this mixture gave a pressure of 0.0026 
mm. in 18 minutes, and 0.0039 in 35 minutes; aragonite gave 
0.0019 mm. in 18 minutes. 

The carbonate formed by absorption of CO. by porous lime 
dissociates readily. After the initial pumping out of residual 
gas it gave at 400° a falling pressure of 0.0129 in 25 minutes, 
and after a second pumping, a constant pressure of 0.0117 mm. 
in 42 minutes. 

Mixtures were made containing 30 per cent CaO and 70 per 
cent calcite or aragonite, in the expectation that the presence of 
the second phase would hasten the establishment of equilibrium. 
This seemed at first to be the case, as pressures were quickly 
attained which then rose only slowly. But repeated pumping 
out of the gas caused a progressive lowering of the pressures 
attained and of the rates of increase, until*the condition of pure 
slow-dissociating calcite or aragonite was approached. It seems 
probable, therefore, that the gases came chiefly from the CaCO; 
formed by absorption of small amounts of CO, from the air by 
the CaO. This CaCO; dissociates readily, as just shown, and, 
after the exhaustion of the CO., the CaO remains simply as a 
neutral substance in the presence of the slowly dissociating 
crystals of original calcite or aragonite. 

Whether the compound formed by the combination of the 
porous CaO with CO; is calcite, aragonite, or amorphous CaCO, 
we are unable to say. The high dissociation pressure suggests 
that it is amorphous. 

Summary. Pure lime, CaO, is obtainable in two forms. The 
first, which is probably amorphous, results from the dissociation 
of CaCO; at low red temperatures. On heating for a consider- 
able time at higher temperatures, it changes gradually into the 
cubic crystalline lime of refractive index 1.83. The latter forms 
directly from silicate melts or from fused calcium nitrate, and is 
the stable form at high temperatures. There are indications 
that it has an inversion point (perhaps similar to the inversion 
between high- and low-temperature quartz) between 400° and 
430°. 
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The porous lime unites very readily with dry carbon dioxide, 
and the compound dissociates readily with rising temperature. 
The crystalline lime unites very slowly with dry carbon dioxide. 
The crystalline forms of calcium carbonate dissociate very slowly 
at low temperatures, and the rate does not seem to be hastened 
by the presence of Fe.OQ; or of CaO. Aragonite is transformed 
into caleite within an hour at 425° in the vacuum furnace. The 
dissociation pressures of crystalline calcium carbonate at 400° 
are of the order of magnitude of 0.003 to 0.009 mm. 


BOTAN Y.—Microcitrus, a new genus of Australian citrous fruits. 
WALTER T. SwinGue, Bureau of Plant Industry. 


In the first quarter of the nineteenth century Allan Cunning- 
ham collected in Australia and sent to Europe scanty specimens 
of a plant which at first was referred by botanists to Limonia 
and later to Citrus. Four species of Citrus in all have been 
described from Australia: C. australis Planchon, C. australasica 
F. Muell., C. inodora Bail., and C. Garrowayi Bail. 

In the course of a systematic study of the species of Citrus 
and related plants the writer has been able to examine these 
Australian citrous fruits both as dried specimens in the principal 
European and American herbaria and as live plants in Italy 
and in the greenhouses of the Department of Agriculture at Wash- 
ington, D.C. It soon became apparent that they differed from 
the other species of Citrus in a number of characters of impor- 
tance in this group. The dimorphic foliage showing marked con- 
trast between the juvenile and mature forms, the minute flowers 
with free stamens and very short pistils, the parallel venation 
of the leaves and their very short wingless petioles, and the 
few-celled fruits, with subglobose stalked pulp-vesicles and small 
rounded seeds, give these plants a very different aspect from 
the commonly cultivated species of Citrus. Furthermore, in 
greenhouse cultures the young seedlings show cataphylls like 
Eremocitrus and Poncirus, instead of a pair of subsessile broadly 
oval or ovate leaves as in Citrus. In view of these important 
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differences from Citrus it seems proper to create a new genus, 
Microcitrus,! to include these plants. 


Microcirrus Swingle.? Small trees or shrubs; young branches an- 
gular, minutely puberulent, the older ones rounded, glabrous; spines 
borne singly at one side of the bud in the axil of the leaf. Leaves 
unifoliolate, rather thick, dimorphic, the juvenile ones often very small, 
oval-elliptical or linear, the mature ones subrhombic or obovate, some- 
times broadly cuneiform or lanceolate, blunt-pointed, rounded, or 
emarginate; veins nearly parallel, extending from the midrib to the 
margin; lower surface with few oil glands; petiole very short, slender, 
subcylindric, apterous, puberulent when young, articulated with the 
blade in some species. Flowers very small, borne singly or rarely in 
pairs in the axils of the leaves, with very short pedicels, 5-merous 
(rarely 4- or even 3-merous). Flower buds small, circular in cross- 
section. Petals 5 (rarely 4, or even 3), white, blunt, often concave. 
Stamens free, divergent, 12-20 or even 30; filaments slender; anthers 
small. Pistil very short, seated on a small disk; style blunt, short, 
ending in a slightly furrowed stigma not much thicker than the style; 
ovary subglobose, 5-6- (rarely 7—8-) celled; ovules in 2 rows, numerous, 
8-20 in each cell. Fruits finger-shaped to ovoid or subglobose, 3-10 
em. long, 1.5—-5 cm.in diameter. Peel rather thin, with large oil glands; 
segments 5-7 or 8; pulp vesicles subglobose, stalked, small (2-3 mm. 
in diameter), pale greenish in mass, separating easily and containing a 
sharply acid juice. Seeds small, 6-7 mm. long, ovate in outline, usu- 


ally flattened on one side, smooth, pale yellowish; embryo whitish. 
xermination with hypogeous cotyledons; first leaves slender cataphylls, 
merging gradually into the juvenile foliage. 

Type species, M. australasica (Citrus australasica F. Muell.), a 
native of Queensland and New South Wales. 


1 Microcitrus Swingle, gen. nov., Citro affinis, foliis dimorphis, in plantis 
juvenilibus minutis, staminibus liberis, stylo brevissimo, ovario 4-8-loculari, 
loculis polyspermis. 

Folia unifoliolata, petiolis brevissimis apteris puberulis, laminae venis sub- 
parallelis; rami novelli virentes plus minusve angulosi, minute puberulenti; 
spinae ut in Citro. Flores parvae, in axillis foliorum singulae vel binae brevissime 
pedicellatae, 4-5- (rarius 3-) meris; petala ovalia vel ovata plus minusve cucul- 
lata; stamina libera numero petalorum quadrupla; ovarium 4-8-loculare, ovulis 
numerosis; stylus crassus, brevissimus; stigma diametro stylo paulo major. 
Fructus cylindrico-fusiformis vel ovoideus vel globosus, cortice ut in Citro car- 
nosa, glandulis oleiferis instructa, pulpa vesiculari acida, vesiculis subglobosis 
vel ovoideis, pedicellatis. Semina parva, ovata, 6-7 mm. longa, glabra; cotyle- 
dones albidae in germinatione hypogeae; folia prima cataphylla minuta alterna. 

Arbusculae vel frutices, juventute spinosissimae. Species typica, Microcitrus 
australasica (Citrus australasica F. Muell.) Habitat in Australia. 

? So called because the very small juvenile leaves, the slender twigs, and the 
minute flawers with the very short styles and small stigmas are in each case the 
smallest occurring among the plants previously included in the genus Citrus. 
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The genus Microcitrus differs from Citrus in its dimorphic foliage 
and especially in its very small juvenile leaves, in the shape and vena- 
_ tion of the adult foliage, in its very small flowers, these with free sta- 

mens and a very short pistil (the thick style merging into the only 
slightly thicker stigma), in the few-celled (46, rarely 7-8) ovary with 
numerous Ovules in each cell, in the subglobose stalked pulp vesicles, 
in the. presence of cataphylls in the seedling, and in the succeeding 
microphyllous juvenile foliage. Its nearest affinities in Citrus are 
with the aberrant C. hystrix and related species. It has little affinity 
with Fortunella (the kumquat oranges), although both genera have 
few-celled ovaries. It is, however, closely allied to the Australian 
genus Eremocitrus, but differs in having unifacial glabrous leaves of 
mesophytic rather than xerophytic structure, as well as in having 
more cells in the fruits and many more ovules in each cell, and in 
having larger seeds, these not wrinkled. The leaves show on the 
upper face two layers of palisade cells but no stomata, and on the 
lower face only chlorenchyma with stomata, thus agreeing in general 
with Citrus, and differing widely from Eremocitrus. Doubtless both 
Eremocitrus and Microcitrus are descended from a common an- 
cestral type. 

There is no evidence of any close relationship between Microcitrus 
and the New Caledonian Ozanthera fragrans Montr. (Citrus oxanthera 
Beauv.) and the recently discovered Citrus neo-caledonica. It is very 
doubtful whether these plants are at all closely related to Citrus; it 
is clear that they are not congeneric with Microcitrus. 


THE SPECIES OF MICROCITRUS 


Altogether four species, one of them with a well marked variety 
or subspecies, all described under Citrus and all from eastern Australia, 
are to be placed in this genus. Three of them are very distinct; but 
the fourth, the last to be discovered, Citrus Garrowayi of northern 
Queensland, is very close to the common finger lime. 

The species of Microcitrus may be distinguished by means of the 
following key: 


Leaves very large, 7.5-18 cm. long, 4-6.5 cm. broad, lanceolate, not 
articulated with the very short petiole; flowers inodorous; 
fruits 5-6.5 cm. X 3.2 cm., oval or oblong in outline, 8-celled, 
WE Mn bk hen evens i ula ava ocho iin Sao ek 4. M. inodora 
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Leaves medium-sized or small; fruits 4~7-celled, not ribbed. 

Fruits round, rough-skinned, 2.5-6.5 cm. in diameter, 5- (rarely 
6- or 7-) celled; juvenile leaves linear, borne on flexuose 
Gh 5 cree kien baat ss.c cakes oes 3. M. australis 

Fruits long and slender; juvenile leaves very small, oval or ovate, 
on stiff spreading branchlets. 

Fruits oval, 5-6.5 em. X 2.5-3.3 em., rough-skinned, 5-celled; 
mature leaves broadly rhombic, medium-sized, 2.5-4.5 
em. long, 1.2-2.5 cm. broad............. 2. M. Garrowayi 

Fruits cylindric-fusiform, 5-10 em. X 1.5-2.5 cm., smooth- 
skinned; mature leaves small, obovate, cuneiform or rhombic, 
2-4 em. long, 1.2-2 em. broad.......... 1. M. australasica 


THE FINGER LIME 


The finger lime, native to the mountain scrubs of the coastal region 
of northern New South Wales and Queensland, has been named Citrus 
australasica by F. Mueller. It is the type of the genus Microcitrus. 


1. Microcitrus australasica (F. Muell.) Swingle. 
Citrus australasica F. Muell. Fragm. Phytogr. Austr. 1: 26. 1858; 
2:178. 1861. 
Type Loca.ity: ‘In nemoribus circum sinum 
Moreton Bay,’ Queensland, Australia. 


Mueller’s description was based on flowering 
specimens, but apparently none of this particu- 
lar collection has as yet been sent to Europe or 
America; consequently it has not been possible 
to examine it. Two or three years later Muel- 
ler referred to this species fruits of the finger 
_lime collected by Beckler on the Clarence River. 
The original description is not sufficiently de- 
tailed to make it certain that it applies to 
the finger lime rather than to the Australian 
round lime, which also occurs at Moreton Bay; 
and when Mueller referred the fruits of the 
finger lime to this species he was apparently 
unaware of the fact that there were two species 
occurring in the same region. As it has not 
been possible for the writer to examine the type 
specimen it is necessary for the present to ac- 


Fig. 1. M. australasi- 
ca. Seedling showing 
hypogeous cotyledons 
and alternatecataphylls cept Mueller’s determination which, it should 
merging into juvenile be said, is concurred in by F. M. Bailey,’ J. H. 
foliage leaves. Natural 
size. 8 Bailey, F. M. Queensl. Flora, 1: 215. 1899. 
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Maiden, and other Australian botanists. No reliance can be placed in 
the identifications of Bentham and Mueller in the Flora Australiensis 
(1863) which are based confessedly on imperfect material and on the 
false assumption that the round-fruited species had flowers with only 
10 stamens. 
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Fig. 2. M. australasica. Horizontal spiny twigs of a young plant showing 
juvenile foliage. Natural size. 













The finger lime is one of the most curious and interesting of the 
citrous fruits. The young plants have more or less horizontally 
arranged branchlets, with very short internodes, and small oval or 
ovate juvenile leaves, these much shorter than the stiff, erect spines 
(fig. 2); the mature leaves are small, 1.5-4 em. long, 1.2-2.5 cm. broad, 
ovate, cuneiform or subrhombic, usually very blunt or emarginate at 
the apex (fig. 3). The flowers are small, sub- 
sessile, usually 5-merous but sometimes 3-4- 
merous, with erect, concave, broadly rounded 
petals (fig. 3); the pistil is very short and thick- 
set, the ovary 5-7-celled, with numerous ovules 
in each cell (8—16 or even 20). The fruits are 
long and slender, cylindric-fusiform, 6.5-10 cm. 
X 1.5-2.5 em., often slightly curved, frequently 
showing a short blunt protuberance at both 
the base and tip (fig. 4,A). The pulp is com- 
posed of loosely cohering, subglobose, long- Fig. 3. M. australasi- 
stalked pulp vesicles (fig. 4, B, C) filled with a ¢©# Flowering twig of 
sour, rather strongly pungent juice. The seeds * 70U38 pat. ees 

mature leaves and 3- 
are small, 6-7 mm. long, ovate, usually flattened merous flowers. Natu- 
on one side and often showing small depres- ral size. 
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sions on the other faces, probably due to the pressure of the pulp vesicles 
during the development of the seed; no wrinkling of the testa such 
as occurs in Eremocitrus is to be seen (fig. 4,D). On germination 
the cotyledons remain buried in 
the ground; the first leaves are 
reduced to cataphylls, alternately 
arranged, which merge gradually 
into the juvenile foliage (fig. 1). 
A variety, the red-fruited fin- 
ger lime, is indigenous to north- 
eastern New South Wales: 


la. Microcitrus australasica san- 
guinea (Bail.) Swingle. 

Citrus australasica var. sangui- 

nea Bail. Contr. Queensl. 
Flora, Dept. Agric. 
Queensl., Bull. 18 (Botany 
5), 8. 1892. 

Type Locatity: “Tambourine 
Mountain,” southern Queens- 
land, Australia. 

Fig. 4. M. australasica. A, fruit; B, ILLUSTRATION: Penzig, Studi 
cross-section of fruit; C, pulp vesicles; bot. sugli Agrumi, in Annali di 
D, seed; E, seed in cross-section. A, B, Agric. No. 116, 214, pl. 21, fig. 
D, E, natural size; C, scale 2. 13. 1887. 


c 


This seems to differ from the typical form of the species only in having 
a blood-red fruit, with pink pulp. The fruit has been described rather 
fully by Penzig. This variety has been introduced into America and is 
being grown in the greenhouses of the U. 8S. Department of Agriculture 
at Washington, D. C. 


GARROWAY’S FINGER LIME 


Another finger lime from northern Queensland is considered by F. 
M. Bailey to be a distinct species. 
2. Microcitrus Garrowayi (Bail.) Swingle. 

Citrus Garrowayi Bail. Queensl. Agric. Journ. 16:49. 1904. 


Type Locauity: “Summit of Mount White, Cape York Peninsula, 
altitude about 1300 ft.,’’ northern Queensland, Australia. 


Specimens from the type locality, kindly sent to the writer by Prof. 
F. M. Bailey, show this plant to have larger, broader leaves and shorter, 
thicker fruits than the typical finger lime. The fruits are said by 
Bailey to be 4- or 5-celled, while the finger lime has 5~7 cells; the oil 
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glands also are said to be larger; and the fruit is broader and has a 
rougher skin than the ordinary finger lime. Seedlings grown in the 
greenhouse of the Department of Agriculture at Washington, D. C., 
from seed collected in the type locality in Queensland, show the same 
peculiar juvenile growth as the ordinary finger lime; that is, several 
tiers of very spiny small-leaved branches spread out horizontally be- 
fore a few upright branches at length arise. The twigs are more slen- 
der and the upright branches more flexuose than in the typical M. 
australasica. 

It is a still a matter of doubt to the writer whether this is a valid 
species or merely a geographical form of the finger lime. 


THE DOOJA OR AUSTRALIAN ROUND LIME 


The round-fruited Australian lime, native to the subtropical coast 
forests of New South Wales and Queensland, is generally referred to 
Citrus australis Planchon. 


3. Microcitrus australis (Planchon) Swingle. 

Limonia australis A. Cunn. in Sweet, Hort. Brit. ed. 3, 91. 1839 
(nomen subnudum). 

Citrus australis Planchon, Hort. Donatensis, 18. 1854-58. 

Citrus Planchoni F. Muell. Australian Vegetation Indigenous or 
Introduced, etc., in Intercolonial Exhibition Essays 1866, 5 and 23. 
1867 (nomen subnudum); Proc. Zool. Acclim. Soc. Victoria, 1: 282. 
1872. 

Type Locauity: “Nouv. Holl.,” Moreton Bay Region, Queensland, 


Australia. 
ILLUSTRATION: Penzig, Studi bot. sugli Agrumi, in Annali di Agric. 
No. 116, 210-214, pl. 21, figs. 8-12. 1887. 


The round fruited Australian lime or dooja, as it is called by the 
aborigines, is one of the most interesting but at the same time one of 
the least known of the Australian citrous fruits. As early as 1827 Allan 
Cunningham collected a fruiting branch of this species on the Brisbane 
River. This specimen is preserved under. his number 163 in the Brit- 
ish Museum. Another of Cunningham’s specimens, preserved in the 
herbarium at Kew, has the following label: 

“The Limonia australis (C). The “lime” of Moreton Bay. A 
solitary flower alone found after felling many of these trees on the 
banks of the Brisbane proves the genus to be Limonia and not Citrus, 
the 10 stam. being all distinct.” 


This sheet shows two twigs, one with a young fruit, the other with 
leaves only, though possibly it originally bore the single flower re- 
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ported. There can be no reasonable doubt that this material is the 
round-fruited Australian lime, though the flower must have been ab- 
normal, as the number of stamens usually runs about 16-20 or some- 
times a few less by reduction. Unfortunately no adequate description 
of Cunningham’s Limonia australis seems ever to have been published, 
so his name cannot be used. 

Between 1854 and 1858 Planchon described Citrus australis, stating 
expressly that it was based on ‘‘an imperfect specimen of Leichardt’s 
preserved in the Muséum d'histoire naturelle at Paris.” 

In June, 1911, the writer found two sheets of Leichardt’s material, 
collected at Moreton Bay in 1845, in the herbarium of the Paris Mu- 
séum, one a small twig with a flower, the other a branched leafy twig 
with no flowers or fruits but having pasted on the sheet a note by the 
collector and an analysis by Baillon,‘ reading “Calyx 5-dent. petala 5, 
stamina plura, filam. liberis.”. A pencil drawing of the pistil in profile 
and in section by A. G. [A. Guillaumin} shows the ovary to have 7 
cells. No flower is now found on this sheet. Planchon speaks of the 
“flore unico effoeto,”’ so he must have seen only an imperfect specimen. 
Possibly the flower has been lost or is the one preserved on the second 
sheet. The leaves of this specimen are cuneate-obovate, 2.5-5 em. 
long by 1.5-3.2 em. broad, and rounded or blunt-pointed at the apex. 

It is difficult to place this material, as it is somewhat intermediate 
in appearance between the two species common in the Moreton Bay 
region. For this reason the application of the name must for the pres- 
ent remain somewhat doubtful, though possibly a careful study of the 
Paris material would decide to which species it belongs. 

A later name, Citrus Planchoni F. Muell., published in 1872, un- 
doubtedly applies to the round-fruited species. 

The dooja reaches a height of 9-18 meters (30-60 ft.) and bears 
fruits 2.5-6.5 em. or even 7.5 cm. in diameter; the juvenile leaves are 
often very narrow, even linear in shape, not oval or ovate as in the fin- 
ger lime, and are borne on slender, rather flexuose branches. The grow- 
ing shoots and immature leaves on vigorous plants grown in the open 
are deep wine-red in color. The spines, at least in greenhouse speci- 
mens, are often minutely puberulent toward the base. Unlike the 
finger lime, which flowers and fruits when only a few years old, the 
dooja rarely ever flowers and fruits in greenhouse culture. 


4 Fide Beauvisage, G. Genera Montrouzierana Plant. Nouv. Caled., in Ann. 
Soc. Bot. Lyons, 26:12. .1901. 
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THE RUSSELL RIVER LIME 


The largest and most striking member of the genus is the Russell 
River lime, discovered only a few decades ago by Archibald Meston.° 
It is native to the Bellenden-Ker region of North Queensland. 


4. Microcitrus inodora (Bail.) Swingle. 

Citrus inodorus Bail. Bot. Bellenden-Ker Exped., in Report of the 
Government Scientific Expedition to Bellenden-Ker Range, 34. 
1889. 

Citrus inodora Bail. Third Suppl. Syn. Queensl. Fl., 12. 1890. 

Tyre Locauity: “Harvey’s Creek, Russell River,’’ Nares County, 

Queensland, Australia. 
ILLUSTRATION: Bail. Queensl. Fl. 1: pl. 10. 1899. 


This species is remarkable for having very large leaves, while its 
congeners are small-leaved. Its leaves are lanceolate or ovate-lanceo- 
late, 7.5-18 cm. long and 46.5 cm. wide. In spite of the large size of the 
leaves the petioles are very short, only 3-5 mm. long, wingless, and, to 
judge by an excellent specimen collected by Meston in the type locality 
and sent to the writer by Prof. F. M. Bailey, not articulated with the 
blade of the leaf. Nothing is known as to the character of the juve- 
nile foliage. The flowers are said to be odorless. They are small, 
like those of the other species of Microcitrus, but have more numerous 
stamens (over 30): The fruits are unique among true citrous fruits, 
being ribbed; they are oval or oblong in outline, 5—6.5 X 3.2 cm., 
and have a pulp of a sharp agreeable acid flavor. 

Although undoubtedly related to the other species of Microcitrus, 
M. inodora nevertheless departs widely in several important charac- 
ters. It is greatly to be desired that additional and more complete 
material be secured in order to determine the exact relationship of this 
aberrant species. 


UTILIZATION OF MICROCITRUS 


Young plants of the finger lime, showing the juvenile foliage arranged 
in several successive tiers somewhat like a young Auracaria plant, are 
very ornamental and should become better known for decorative pur- 
poses. Both the finger lime and the dooja are of promise for hedge 
plants, as they are very spiny and can be grown from cuttings. The 
dooja grows vigorously enough to deserve trial as a stock upon which 
to graft the common citrous fruits. 


5 Meston, Archibald. Expedition to the Bellenden-Ker Range. Report to 
the Minister for Lands, Queensland, A. C. 36-1904, 3. 1904. 
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The fruits of all of the species of Microcitrus have an acid pulp 
which is rather disagreeably pungent except in the case of the Russell 
River lime. However, as the two commonly cultivated species, the 
dooja and the finger lime, are decidedly more hardy than the lime or 
lemon, they may prove of use in breeding new types of hardy citrous 
fruits. A number of hybrids have recently been made by’ the writer 
between the finger lime and the common iime (Citrus aurantifolia). 

The Russell River lime is the only species in the genus that yields 
fruits of sufficiently good quality to be of promise for culture even 
without any improvement by cross-breeding or selection. Speaking of 
this plant F. M. Bailey says, ‘‘ This new species of Citrus is well worthy 
of cultivation for its fruit, which is juicy and of equal flavour with the 
West Indian Lime.’ 

So far all attempts to introduce the Russell River lime into culture 
have failed and the rapid clearing up of land along the Russell River 
threatens to exterminate the species altogether. It is to be hoped that 
Australian botanists and fruit growers will not permit this to happen. 

The species of Microcitrus are closely related to the desert kum- 
quat, Eremocitrus glauca,’ a hardy drouth-resistant shrub native to 
the semi-arid scrubs of the interior of Australia, and could doubtless 
be hybridized with it. As the desert kumquat is edible in the wild 
state and is the hardiest known evergreen citrous fruit, such a hybrid 
would be of great interest in the breeding of new types of hardy sub- 
stitutes for the lime and lemon. 


6 Bailey, F. M. Queensl. Flora, 1: 216. 1899. 

7Swingle, Walter T. Eremocitrus, a new genus of hardy drouth-resistant 
citrous fruits from Australia, in Journ. Agric. Research, 2: 85-100, figs. 1-7, 
pl. 8. May, 1914 
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GEOLOGY.—Guidebook of the Western United States, Part A, the 
Northern Pacific route, with a side trip to Yellowstone Park. M. 
R. CaMpBELL and others. U. S. Geol. Survey Bull. 611. Pp. 
212, with maps and illustrations. 1915. (For sale by Superin- 
tendent of Documents, Washington, D. C.; price $1.) 

The first of a series of handbooks for railway travelers in the Western 
States, describing the geography, geology, history, and natural re- 
sources of the region traversed by the principal transcontinental 
routes. The present volume deals with the country along the Northern 
Pacific Railway from St. Paul to Seattle and along the branch line to 
Yellowstone Park. 

He is a very unobservant traveler who can cross the Great Plains, 
the Rocky Mountains, the lava plateau of the Columbia, and the Cas- 
cade Range, without noting some of the diversities in the color and 
character of the rocks and the striking differences in the landscape. 
It is the purpose of this volume to answer some of the questions which 
these views from the car windows evoke, to tell what the rocks are 
and how they got there, to explain the effects of earth movements 
upon them, to show how that conspicuous element in scenery which we 
call topography is the result of a long succession of geologic events—in 
brief, to tell the story of the mountains, valleys, and plains. It does 
not stop there, however. It connects this record of the prehistoric past 
with the present march of western progress and development by show- 
ing the relation of geologic processes to natural resources of various 
kinds; it describes the utilization of these resources and tells how man 
has turned them to account since Lewis and Clark toiled over the route 
that is now so quickly traversed in luxurious comfort. 
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Every effort has been made to make the volume interesting as well 
as accurate. Matter slightly more detailed or technical than that in 
the body of the text has been separated as footnotes, and a glossary 
has been provided for such geologic terms as it was necessary to use. 
The more important sources of geologic information on the region are 
listed in the back of the book, and a table showing the principal divi- 
sions of geologic time appears on the back of the title-page. Each 
map unfolds so.that it can be consulted conveniently without turning 
the page which the traveler may be reading. The halftone views and 
text figures have been chosen with care to convey definite information. 


F. L. R. 


GEOLOGY.—Guidebook of the Western United States, Part B, the 
overland route, with a side trip to Yellowstone Park. W. T. LEx, 
R. W. Stons, H. S. Gaz, and others. U.S. Geol. Survey Bull. 
612. Pp. 244, with maps and illustrations. 1915. (For sale by 
Superintendent of Documents, Washington, D. C.; price $1.) 

A handbook for the traveler which deals not only with the geology 
but with the natural resources, history, and development of the country 
between Omaha and San Francisco. It shows how differences in seen- 
ery and climate depend upon past geologic events and dispels the mo- 
notony of the great plains by taking the traveler back to times when 
these regions supported vegetation very different from their present 
scanty covering and were inhabited by animals of strange forms and 
huge size. The scenery of the mountains acquires additional interest 
from the explanation of the earth movements and the resulting rock 
structures to which fundamentally the mountains forms are due. 
Even the desert becomes attractive when the traveler is told of its 
vanished lakes and is shown the old beach lines which their waves cut 
on the now arid hillsides. 

The book is intended to educate by being interesting, to win hearing 
for the story of geology by telling it in a clear and simple way, with 
abundant illustration from the car windows not only of the story itself 
but of its intimate connection with human life. F. L. R. 


GEOLOGY.—Geology and mineral deposits of the National mining dis- 
trict, Nevada. WaupEMAR LinpGREN. U. S. Geol. Survey Bull. 
601. Pp. 58. 1915. 

The National mining district is in Humboldt County, Nevada, 
near the Oregon line. No large production of precious metals had 
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been recorded from this region up to 1908, but in that year a bonanza 
shoot of gold quartz was discovered in the National mine, which within 
four years yielded about $4,000,000. This shoot is, in fact, one of the 
most remarkable and interesting bodies of high-grade ore discovered 
in the West. 

The district is located in the Santa Rosa Mountains, a narrow range 
rising abruptly out of the desert. The northern part of this range in 
which the camp of National is located consists of flows of basalt, latite, 
rhyolite, and trachyte and some rhyolite dikes. These are of Tertiary, 
probably Miocene, age. The flows dip at gentle angles to the east or 
northeast. 

The mineral deposits are steeply-dipping, narrow fissure veins which 
are distinctly later than any rock in the district. The National vein is 
the only one that has been extensively developed. Most of the veins 
are essentially silver veins of very moderate tenor and contain in a 
drusy, fine-grained quartz gangue, small amounts of pyrite, sphalerite, 
galena, chalcopyrite, arsenopyrite, and stibnite, the latter being the 
most characteristic mineral of the deposits. At least one deposit car- 
ries cinnabar. Native gold is abundant only in the unique rich shoot 
of the National vein, where it occurs as electrum carrying about 50 
per cent of silver. The National ore shoot was encountered 40 feet 
below the surface and has been followed for about 800 feet down the 
dip of the vein; the stope reaches 250 feet in length. It appears to be 
of the same age as the leaner parts of the same vein and the other veins 
of the region. Much of the ore was remarkably rich, the first-class 
ore during one period averaging about $25 a pound, and the second- 
class ore $4000 a ton. 

The National and other veins of the district are believed to have 
been deposited at slight depths by ascending waters during an epoch of 
hot-spring action following the eruption of the rhyolitic rocks. The 
fine-grained quartz, scarcity of pyrite, constant presence of stibnite, 
and occasional occurrences of cinnabar, point decidedly to deposition 
near the surface. The propylitic alteration of the country rocks points 
to the same conclusion. 

Subsequent to the principal! mineralization there has been in the 
National mine a deposition of secondary marcasite, pyrargyrite and 
stibnite along joints and fissures below the water level. This deposi- 
tion was accompanied by solution of quartz and the development of 
irregular cavities. There are no placers in the region. E. S. B. 
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GEOLOGY .—Guidebook of the Western United States, Part D, the 
Shasta route and coast line. J. S. Drtuer and others. U. S. 
Geol. Survey Bull. 614. Pp. 142, with maps and illustrations. 
1915. (For sale by Superintendent of Documents, Washington, 
D. C.; price $1.) 

A manual for the traveler between Seattle or Los Angeles and San 
Francisco, which describes in clear, simple language the geography, 
geology, history, and natural resources of the region visible from the 
car window. Geology is made interesting to the reader by an avoidance 
of details and by the selection for treatment of the features that are 
likely to attract the eye. Care is taken also to point out the connection 
between the story of the earth and the present human activity in the 
region. 

The book is divided into two parts, one dealing with the route from 
Seattle to San Francisco and one with the route from Los Angeles to 
San Francisco. Both routes go through regions that present great di- 
versity in geology, scenery, climate, and resources. For the northern 
route the history of civilized settlement goes back to the early fur 
traders and trappers, and for the southern route to the Spanish padres 
and their Indian converts. 

As in the other guidebooks in this series the route is completely 
covered by convenient maps and the text is well illustrated by views 
and diagrams. F. i: 


PALEONTOLOGY .—Contributions to the knowledge of the mammals 
of the Pleistocene of North America. Outver P. Hay. Proceed- 
ings of the U. 8. National Museum, 48: 515-575, pls. 30-37. 
April 8, 1915. 

The results detailed in the present paper include descriptions of 
two extinct horses, one new extinct bison, one new and one previously 
described musk-ox, and measurements of certain limb bones of fossil 
horses, with discussion of variations observed. There are given also 
measurements from many skulls of various equids, as Przevalsky’s 
horse, a number of fossil horses, domestic horses, three species of 
zebras, the chigetai (Equus hemionus), and the kiang (EH. Kiang); 
from which certain indices in equine craniometry have been computed. 

From these measurements and indices an attempt has been made 
to determine to what extent the various unmixed and wild species 
which are considered deviate from an average condition; to ascertain 
the value of some of the measurements and indices which have been 
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employed in the study of domestic horses; and to throw some light 
on the elements which have contributed to the formation of that 


assemblage of horses which bears the name Equus caballus. 
©. P. Bf. 


ZOOLOGY .—The relation between the maximum and the average bathy- 
metric range, and the mean and the average depth of habitat, in the 
subfamilies and higher groups of recent crinoids. Austin H. CLARK. 
American Journal of Science, 40: 67-74. July, 1915. 

In general the more specialized families possess small, and the more 
generalized large, bathymetric ranges; the thermal adaptability of the 
groups increases with specialization. The average range of the fami- 
lies of recent crinoids is very nearly the same as, but slightly more 
than, the average depth of habitat. A. H. C. 


ZOOLOGY .—A study of the recent crinoids which are congeneric with 
fossil species. Austin H. Cuarx. American Journal of Science, 
40: 60-66. July, 1915. 

The eight genera of recent crinoids which include fossil species fall 
into the following three groups: (1) Genera confined to the western 
Pacific; Eudiocrinus, Catoptometra, Proisocrinus and Carpenterocrinus; 
(2) genera confined to the western, or western and northern, Atlantic, 
but occurring as fossils in the Indo-Pacific basin; Isocrinus, Rhizocrinus 
and Holopus; (3) genus common to the Indo-Pacific and Atlantic; 
Democrinus. 

All but one of these genera are chiefly developed in shallow water; 
this single exception is also the only one which, so far as we know, 
does not occur within 100 fathoms of the surface, three of the others 
being entirely confined to water of less than 155 fathoms in depth. 

In the total range, average range, and mean depth of habitat these 
genera show a close approximation to the genera peculiar to the At- 
lantic, in contrast to those peculiar to the Indo-Pacific, which have a 
much greater total range but lesser average range and mean depth of 
habitat, and to those common to both oceans, which have a much greater 
average range and mean depth of habitat, as well as total range. In 
depth the maximum representation is between 0 and 200 fathoms, 
especially between 50 and 150 fathoms. As, taking the ocean as a 
whole, we find at a depth of 200 fathoms a temperature of 50°1, and at 
100 fathoms 60°7, it is evident that these genera are most strongly 
represented within the optimum temperature for crinoid life, which is 
between 50° and 65°. A. H. C. 
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ZOOLOGY.—A phylogenetic study of the recent crinoids, with special 
reference to the question of specilization through the partial or com- 
plete suppression of structural characters. AusTIN H. Cuark. 
Smithsonian Miscellaneous Collections, 65°: 1-67. August 19, 1915. 

A detailed analysis of the structure of the recent crinoids and a 
comparison with fossil types indicates that phylogenetical advance has 
been through a progressive simplification of the organism, evidenced 
by a reduction in the number of the component parts. The pairs of 
contrasted characters employed in differentiating the recent crinoids 
are given, the more generalized of each pair being numbered 1 and the 
more specialized 2, and the types falling under each are listed. By 
simple addition this gives a numerical basis for the determination of 
the phylogenetical status of all the recent types. Taking the most 
primitive family (Plicatocrinidz) as 1 we find the families to be spe- 
cialized, in terms of this family, as follows: 

59 

19 
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67 
55 
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or 
or 
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Thus the families according to their specilization fall into three 
groups: (1) Holopodide, Pentacrinitide and Bourgueticrinide; (2) 
Apoicrinide and Phrynocrinide; and (3) Plicatocrinide. 

Of the individual structures which collectively make up the crinoid 
whole the sequence in specialization is: (1) The skeleton as a whole 
(most specialized); (2) calyx; (3) disk; (4) arms; (5) column; (6) 
pinnules. 

On the basis of a broad average the more specialized characters 
occur in shallower and warmer water than the more primitive. 


A. H. C. 


ZOOLOGY .—The distribution of the recent crinoids on the coasts of 

Australia. Austin H. Cuarx. Internationale Revue der gesam- 

ten Hydrobiologie und Hydrographie, 1915, pp. 222-234. 1915. 

Australian crinoids fall into three groups, (1) Tropical Austral- 

ian types, (2) South Australian types, and (3) East Indian types. 

The distribution of each of these groups on the Australian coasts is 
treated in great detail. A. H. C. 
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